Despite the good results of anticancer activities by curcumin, there are some hurdles that limit the use of curcumin as an anticancer agent. Many methods were examined to overcome this defect like the use of the dendrosomal curcumin (DNC). There is increasing evidence that miRNAs play important roles in biological processes. In this study, we focus on the roles of microRNA-21 in the anti-cancer effects of DNC in breast cancer. Materials and Methods: Also, we have used different methods such as MTT, apoptosis, cell cycle analysis, transwell migration assay and RT-PCR to find out more. Results: We observed that miR-21 decreased apoptotic cells in both cells (from 6.35% to 0.34 % and from 7.72% to 1.32% orderly) and DNC increased it. As well as, our findings indicated that cell migration capacity was increased by miR-21 over expression and was decreased by DNC. The combination of miR-21 vector transfection and DNC treatment showed lower percentage of apoptotic cells or a higher level of penetration through the membrane compared with DNC treatment alone. Furthermore, DNC induced a marked increase in the number of cells in sub G1/G1 phase and a decrease in G2/M phase of the cell cycle in both; but, we observed reverse results compared it, after transfection with miR-21 vector.
Introduction
Breast cancer is the most common type of malignancy in women and the second leading cause of cancer-associated deaths worldwide, next to lung cancer and the incidence has been increasing for several decades. Although men can also get breast cancer, cases of male breast cancer account for less than .05% of all breast cancer cases diagnosed (1) . Like most other malignant tumors, development, progression, invasion and metastasis of breast cancer are caused by multiple genetic alterations, which mechanism was not elucidated completely until now (2) . In last few decades, researchers' attention has focused mostly on the involvement of deregulated genes at the levels of DNA, protein, RNA, and microRNAs (miRNAs).
The discovery of miRNAs, which are endogenous, small (with ~22 nt length), non-protein-coding RNAs that regulate gene expression post-transcriptionally by targeting mRNA transcripts for cleavage or translational repression, have provided new insights in cancer research. (3) There is increasing evidence that miRNAs play important roles in many biological processes, such as cell proliferation, invasion, migration, carcinogenesis, angiogenesis, differentiation and apoptosis (4) . They act either as tumor suppressors or oncogenes, and alteration in their expression patterns has been linked to onset and progression of various cancers. Several other reports have described altered expression of miRNAs in cancer tissues compared to normal tissues, suggesting that these miRNAs could be potentially represent novel clinical and prognostic biomarkers for the detection of various cancers (5, 6) . Through the discovery of miRNAs and their different expression profiles among different kinds of diseases, the microRNA-21 (miR-21) was the common miRNA which could serve as a potential detection biomarker for digestive system cancer (7, 8) . MiR-21 is one of the most frequently up-regulated miRs in many cancers including in breast cancer (9) , hepatocellular carcinomas (10), gastric cancer (11) , ovarian cancer (12, 13) , cervical carcinoma (14) , multiple head and neck cancer cell lines (15) , papillary thyroid carcinoma (16) , and prostate cancer (17) and some other solid tumors. As described above, miR-21 seems to play an important oncogenic role in malignant tumors. As to breast cancer, several studies have proved miR-21 was up-regulated in breast cancer both in vivo and in vitro by different kinds of method including Northern blotting (9) , microarray (5, 9), bead-based flow cytometric miRNA expression profiling method (18) , in situ hybridization (ISH) (19) , bioluminescencebased hybridization assay (20) and real-time RT-PCR (21) .
It is clear that systemic treatments for breast cancer such as chemotherapy or hormonal therapy have severe side effects (22) . So, increasing focus on chemopreventive properties of natural compounds with plant-based formulations from traditional medicine has led to discovery of potential therapeutic agents targeting breast cancer and other cancers. In addition, plant-derived compounds (natural agents) could potentially regulate the expression of several miRNAs involved in cancer (23) . Curcumin, (diferuloylmethane) an active component of the spice turmeric which extracted from the rhizome of Curcuma longa has promising potential in cancer prevention and therapy by interacting with proteins and modifying their expression and activity, which includes transcription factors, inflammatory cytokines, and factors of cell survival, proliferation, and angiogenesis and multiple signaling pathways (24) . It is also noteworthy that, in recent studies have been observed curcumin have no toxicity even at high doses on clinical trials and is safe enough for human applications. (25, 26) . Despite the good results of anticancer activities by curcumin, there are some hurdles such as low bioavailability, low stability in aqueous solutions, low absorption etc., as a result, these defects reduce anticancer applications of that. In order to achieve a particular aim, several strategies are required to overcome these caveats including chemical modification, metabolic blockers, artificial analogues of curcumin and several generations of liposomal structures, delivery by nanocarriers, amongst others (27) . Consequently, many methods were examined to overcome this defect like the use of the dendrosomal curcumin (DNC) nanoparticles (28, 29) . Our research group previous studies demonstrated the new light on the potential biocompatibility, the biodegradability and the anticancer and anti-metastatic effects of DNC nanoparticles in the biological systems (28) (29) (30) (31) (32) . Also, accumulating lines of evidence have revealed that mir-21 can be regulated by curcumin and other herbal drugs (33) . For example, curcumin has been found to decreases miR-21 levels in colorectal cancer (34) , lung cancer (35) , and pancreatic cancer (36) . In this study, we sought to understand the roles of microRNA-21, as an intermediary agent in regulation of DNC nanoparticles anti-cancer functions in breast cancer. We used a dendrosomal carrier designed in our lab and curcumin for production DNC nanoparticles (37) . This study evaluates DNC nanoparticles effects on mir-21 expression in three main cancerous cell lines of breast cancer: SKBR3, MDA-mb231, and MCF-7. Furthermore we investigate the anti-metastasis, cell cycle and cell growth inhibition, and apoptotic activation effect of DNC nanoparticles by simultaneously overexpression of miR -21 and DNC nanoparticles treatment. The results indicated cell proliferation inhibition by DNC nanoparticles treatment in comparison with free curcumin treatment was very much and miR-21 expression was significantly decreased dosedependently after treatment by DNC nanoparticles in breast cancer cells. Also, miR-21 overexpression arrested anti cell proliferation, anti-metastasis and apoptotic activating effects of DNC nanoparticles in breast cancer cells. As well as, the results showed antagonistic effects of miR-21 re-expression and DNC nanoparticles on cell cycle analysis in breast cancer cells. Therefore, DNC nanoparticles as a miR-21 inhibitor might be effective in the treatment of breast malignancies.
Materials and Methods

Cells and reagents
Cells that were examined in this study (MCF7, SKBR3 and MDA-MB231 cell lines) were purchased from Pasteur Institute of Iran. The cells cultured in RPMI 1640 medium containing 10% fetal bovine serum and 1% of the antibiotics penicillin and streptomycin -incubation at 5% CO2 at 37 °C respectively. Curcumin was bought from Merck (Darmstadt, Germany) with a purity of 95%. The Institute of Biochemistry and Biophysics (University of Tehran, Iran) donated dendrosomal nanoparticles (Den 400), a biodegradable polyester. Method of dendrosome making, physical characteristics such as superficial charge, size, and also the rate of drug loading previously demonstrated (28, 30, 31, 37) . Briefly, the OA400 carrier was synthesized by esterification of oleoyl chloride (0.01 mol) and polyethylene glycol 400 (0.01 mol) in the presence of triethyl amine (0.012 mol) and chloroform as the solvent at 25 °C for 4 hr. Triethylamine hydrochloride salt was filtered from its organic phase. Then, chloroform was evaporated from OA400 in vacuum oven at 40°C for 4 hr. Fourier transform infrared spectroscopy (Spectrum One, PerkinElmer, Inc., Shelton, CT, USA) analysis was performed to confirm the dendrosomal chemical structure.
The mean diameter of DNC using distributed algorithm analysis of DLS, 200 nm was measured. A suitable value that does not show high stability around −7 mV, was calculated for the ζ-potential. The efficiency of curcumin loading was very much (87%) as well as, transmission electron micrographs results indicated DNC were spherical.
Preparation of dendrosomal curcumin (DNC) nanoparticles
To provide DNC nanoparticles, we used optimized manufacturing methods of our laboratory (31) . In summary, we investigated dendrosome/curcumin concentration range (about 1:50 to 1:10) by spectrophotometry in order to select the proper ratio and ultimately weight ratio of 1:25 was chosen as the optimum ratio. Dendrosome nanoparticles loaded with curcumin molecules using protocols MaLing Gou et al (37) . DNC nanoparticles is prepared at a concentration of 2700 mM and conditions were kept away from light and in 4 ° C. DNC nanoparticles dilution before use in any method was performed using the culture medium (38) .
MTT (Microculture Tetrazolium) assay
To check the inhibitory effect of DNC nanoparticles, free curcumin and dendrosome on viability of MCF7, SKBR3 and MDA-MB231 cells, MTT test was used; Thus, the cells plates in 96-well plates (5×10 3 cells & 100 µl PRMI per each wells) and then, each well treated with varying concentrations (0 to 30 μM) of the DNC nanoparticles, free curcumin and dendrosome for 48 hr. Previous research has shown that curcumin inhibits rate of human breast cancer cells growth, the nearly 100% after treatment with concentrations close to 30-40 μM. For this reason, in this study above mentioned concentrations was used in MTT test and for other tests, lower dosages of the DNC nanoparticles (≤ IC50 or some more) to minimize its anti-proliferative inhibition of cell migration. After 48 hr of incubation, 20 ml of MTT solution was added to each well (0.5 mg/ ml). Then, after 4 hr, the cells are carefully emptied and 200 microliters of DMSO was added to each well to completely dissolve precipitated insoluble formazan salt. The results were obtained by ELISA reader at wavelength of 570 nm.
MiR-21 tranfection
For the mir-21 overexpression experiment, MCF7 and MDA-MB231 cells were seeded in six-well plates in complete RPMI-1640 medium for 24 hr, washed twice with RPMI-1640 medium (without serum), and transiently transfected with miR-21 overexpressing vector or scramble (vector with scramble sequence as an insert) using Lipofectamine 2000 (Invitrogen) according to the instructions of the manufacturer. All transfections were done 24 hr before the addition of DNC nanoparticles. Then the cells under different treatments, were incubated for 48 hr as shown in the results section, the test outputs were analyzed and assessed. MiR-21 overexpressing vector was a gift from Dr Seyad Javad Mowla, genetics group, Tarbiat Modares University, Tehran, iran.
Transwell migration assay
In this test, transwell membranes (8 m pore size, 6.5mm diameter) were coated with diluted fibronectin in serum-free RPMI medium (2.5mg/ml). After that, the cells (5×10 5 ) were trypsinized, washed, and maintained in a medium lacking FBS. Upper level of the transwells (24-wells plate) loaded with serum-free medium & cells and in lower level, into the wells were added migrationinducing medium (with 10% FBS) then, they contained different treatments (negative control, scramble transfection, mir-21 overexpressing vector transfection, DNC nanoparticles (IC50 concentration) and cotreatment of mir-21 transfection and DNC nanoparticles. The transwells were separated and depleted after 8 hr incubation. After that, membranes were fixed with methanol and wiped on the cells of the upper side. With using 20% Giemsa solution were stained membranes. The migrated cells to the lower surface were counted by the light microscope (39) . The following equation was used for calculating of Metastasis Index: Metastasis Index= Mean of migrated cells in each treatment/Mean of migrated cells in negative control. The metastasis index in negative control was 1.
Cell apoptosis assay
With using Annexin V-FITC/PI apoptosis detection kit, cell apoptosis was analysed. The MCF7 and MDA-MB231 cells were plated in 6-well plates 24 hr and after that, treated with mir-21 overexpressing vector transfection, DNC nanoparticles (IC50 concentration) and cotreatment of both of them for 48 hr. The rest of the process was carried out in the same way that the manufacturer's instructions had mentioned. Finally, with using flow cytometer, Annexin V and PI were analyzed (40) .
Cell cycle analysis
The effect of DNC nanoparticles treatment and mir-21 overexpressing vector transfection or both of them on the distribution of cells in cell cycle was performed by flow cytometry analysis using propidium iodide (PI) staining. The MCF7 and MDA-MB-231 cells were seeded in 12-well plate (5×10 5 cells/ml) and treated with mir-21 vector transfection, DNC nanoparticles (IC50 concentration 
Statistical analysis
The results were expressed as mean±SD. All tests were repeated for 3 times. In this research, statistical significances were computed using one-way variance analysis and a Student's t-test. <0.05 were considered significant.
Results
DNC nanoparticles stops cell growth of breast cancer cells
First, we perform MTT assay in 48 hr to assess DNC, free curcumin and dendrosome treatment effects on cell viability of MCF7, MDA-MB231 and SKBR3 cells. Our results showed treatment of DNC nanoparticles and free curcumin inhibited cell growth dose dependently in all above mentioned cells ( Figure 1A , B and C). However, the cell survival of MCF7, MDA- ) method. Data are presented as mean±SD from three independent experiments. Significance was set at * P\0.05, ** P\0.01, *** P\0.001 proliferation rate inhibition by DNC treatment in comparison with free curcumin treatment was a little more. In order to evaluate the performance of DNC nanoparticles on MCF7, MDA-MB231 and SKBR3 cells, we compared the IC50 of DNC nanoparticles in these cells. Cell sensitivity to DNC nanoparticles was greatly more for SKBR3 in comparison to MDA-MB231 and MCF7 cells as characterized by a lower IC50 for SKBR3 rather than MDA-MB231 and MCF7 in 48 hr orderly (from 8.31 to 11.66 and 13.45 µM). As expected, dendrosome alone had no effect on all cells. Overall, these findings suggest that dendrosome without any toxic effects enhances the solubility and absorption of Curcumin. As a result, we treated DNC nanoparticles instead of free curcumin in this study. To do that, a number of studies evaluated effects of curcumin in the time 48 hr and IC50 concentration in breast cancer cells, so this treatment time and dose was used in the subsequent experiments.
DNC nanoparticles decreased miR-21 expression in breast cancer cells
To evaluate whether treatment of DNC nanoparticles could adjust miR-21 expression in MCF7, MDA-MB231 and SKBR3 cells, real-time PCR assay was performed. Significantly expression of miR-21 was diminished after treatment of DNC nanoparticles 4, 8 and 12 µM dose dependently in all above mentioned cells ( Figure 2) . Next, we focus on the roles of microRNA-21 in the anti-cancer effects of DNC nanoparticles including the anti-metastasis, apoptosis activating, and cell cycle inhibition in MCF7 and MDA-MB231 cells as 2 candidate cells.
MiR-21
overexpression arrested anti cell proliferation effect of DNC nanoparticles in breast cancer cells
To evaluate miR-21 function on anti-cell growth effect of DNC nanoparticles, both MCF7 and MDA-MB231 cells were transfected with miR-21 overexpressing vector and after that MTT assay was done. Results showed that miR-21 re-expression increased and DNC nanoparticles treatment (in IC50 dose, 13.45 for MCF7 and 11.66 µM for MDA-MB231 cells) decreased cell proliferation in both cells ( Figure 3A and B) . Simultaneously, we found that miR-21 re-expression partly abrogated inhibition of cell amplification induced by DNC nanoparticles treatment. In other hands, the combination treatment of DNC nanoparticles and miR-21 re-expression exhibited obvious antagonistic antiproliferative effect in both cells. Treatments with DNC nanoparticles resulted in maximal inhibition of 47.5% and 51% at 48 hr in MCF-7 and MDA-MB231 orderly, while co-delivery of miR-21 overexpressing vector and DNC nanoparticles, resulted in maximal inhibition of 31% and 20.5% during the observation time. These results indicated that re-expressing of miR-21 made the cells more resistant to DNC nanoparticles.
MiR-21 overexpression abrogated apoptotic activating effect of DNC in breast cancer cells
We evaluate whether miR-21 re-expression can inhibit apoptosis in MCF7 and MDA-MB231 cells. Our results showed that apoptotic cells percentage diminished after miR-21 re-expression in both cells (from 6.35% to 0.34% in MCF7 and from 7.72% to 1.32 % in MDA-MB231 cells). As we see in Figure 4A and B, the combination of miR-21 overexpressing vector transfection and DNC nanoparticles treatment (in IC50 dose, 13.45 for MCF7 and 11.66 µM for MDA-MB231 cells) showed lower percentage of apoptotic cells than DNC nanoparticles. The results offered that down-regulation of miR-21 in breast cancer cells by DNC nanoparticles is a main agent for its cell apoptosis inducing effect.
MiR-21 overexpression arrested anti-metastasis effect of DNC in breast cancer cells
To assess the miR-21 function in anti-metastasis capacity of DNC nanoparticles in both MCF7 and MDA-MB231 cells, Transwell assay was performed. The results showed that capacity of cell migration was enhanced by overexpression of miR-21 and was decreased by DNC nanoparticles treatment (in IC50 dose, 13.45 for MCF7 and 11.66 µM for MDA-MB231 cells) in both cells ( Figure 5A and B) . Notably, penetration through the membrane compared with treatment of DNC nanoparticles was lower for cotreatment of DNC nanoparticles with miR-21 overexpressing vector. In agreement with this observation, we showed that miR-21 overexpression arrested anti-metastasis effect of DNC nanoparticles in breast cancer cells to a certain degree.
Antagonistic Effects of miR-21 re-expression and DNC on cell cycle analysis in breast cancer cells
To understand the antagonistic effects of miR-21 re-expression and DNC nanoparticles treatment on cell growth, we exposed MCF7 and MDA-MB231 cells to miR-21 overexpressing vector transfection and DNC nanoparticles treatment (in IC50 dose, 13.45 for MCF7 and 11.66 µM for MDA-MB231 cells) alone or in combination to evaluated changes in the cell cycle distribution after 48 hr. Uninfected and untreated cells served as a negative control. Free DNC nanoparticles induced a marked increase (P<0.001) in the number of cells in sub G1/G1 phase and a significant decrease (P<0.001) in the number of cells in G2/M phase of the cell cycle in both cells ( Figure  6A and B) ; also, after transfection with miR-21 overexpressing vector alone was observed reverse results compared to DNC nanoparticles. Results of combination seemed to be able to achieve the antagonistic effects in both cells. 
Discussion
Cancer accounts for the leading cause of mortality in developed countries and the second highest in developing countries, making it a global health issue. It is immediate to diagnose cancer in the early stage by a noninvasive way. However, few molecules have been detected as biomarkers for therapy or diagnosis in clinical application. Therefore, it was significant to search novel biomarkers using a less invasive method. MicroRNAs are non-coding RNA molecules that post-transcriptionally regulate expression of target genes and have been implicated in the progress of cancer proliferation, differentiation and apoptosis. MiRNAs are now recognized as key players of post-transcriptional control of gene expression. It has been shown that alterations of some miRNAs expression may play a role in the development of human cancers (43) . While many miRNA are down-regulated or deleted in cancers including let-7, miR-15 and miR-16 (33, 44) , oncogenic miRNAs are frequently overexpressed in very diverse types of malignancy, particularly, miR-21 is overexpressed in most tumors. Several evidences have shown that the inhibitory effects of curcumin on cancer development is done in part through regulation of miRNA (45) . It is proven that, curcumin up-regulates miR-9 in ovarian cancer cells and by that modulates Akt/FOXO1 axis (35) . In addition, curcumin through miR-186 down-regulation activated apoptosis in lung adenocarcinoma cells (46) . Likewise, curcumin has been found to inhibit migration by controlling miR181b expression in breast cancer (47) . Curcumin also regulated the Src-Akt expression axis via modulating miR-203 level in bladder cancer (48) . Different researches have proved that curcumin controled many miRNAs alike miR-200 (49, 50), miR-34 (51), miR-19 (52), and miR-7 (9). MicroRNA-21 (miR-21), a small noncoding RNA with 23 nucleotides that regulates several apoptotic and tumor suppressor genes and contributes to the initiation, promotion, and progression of tumors is a key microRNA that is overexpressed in most human cancers, including breast cancer. MiR-21 shows a critical oncogenic role in malignant tumors and especially in breast cancer. Several studies have suggested that miR-21 was up-regulated in breast cancer both in vivo and in vitro (18, 19) . Interestingly, miR-21 was found to be significantly up-regulated in BC in miRNA expression profiles (5) . It was recently reported that miR-21 mediates MCF-7 cell growth; suppression of this miRNA, which is also overexpressed in MCF-7 cells, was associated with increased apoptosis and decreased cell proliferation (20) .
Curcumin has been revealed to reduce the miR-21 expression in various cancers (21) . Mudduluru et al showed that curcumin inhibited colon cancer cell cycles through down-regulation of miR-21 (34) .
In another study, Zhang et al reported that curcumin decreased human non-small cell lung cancer A549 cell proliferation and increased apoptosis with decreased miR-21 (35) . Bao et al demonstrated that curcumin analogue difluorinated curcumin (CDF) reduced pancreatic cancer cell migration via decreasing miR-21 (36) . Curcumin can also cause anoikis, which refers to cell death after detachment (55, 56) . In addition, Curcumin has been shown to decrease NF-κB via miR-21 (57) . It has also been found that curcumin decreases miR-21 by increasing its secretion carried in exosomes in chronic myelogenous leukemia (CML) cell lines K562 and LAMA84 (2) . Similarly, curcumin was shown to inhibit activator protein-1 (AP-1) binding upstream of the pri-miR-21, which reduced miR-21 expression and induced expression of the tumor suppressor Pdcd4, a target of miR-21 (35) . The anticancer effects of DNC nanoparticles in the biological systems have been examined in our previous studies (28) (29) (30) (31) In the present study for the first time, the mediating role of mir-21 in anti-cancer mechanisms of curcumin in breast cancer cells, were studied. At first, a series of quantitative analyses were carried out based on our findings and revealed that dendrosomal curcumin (DNC) nanoparticles could down-regulate miR-21 expression, induce apoptosis and inhibit metastasis, cell growth and cell cycle in breast cancer cells. Also, we demonstrated the antagonistic anticancer effects of the combination of dendrosomal curcumin (DNC) nanoparticles treatment and miR-21 overexpression to suppress the growth ability, metastasis, cell cycle and activation of apoptosis of breast cancer cells. Accordingly, 50% inhibitory concentration (IC50) values of DNC nanoparticles were significantly increased to a greater extent in the cells transfected with miR-21 vector (overexpression). DNC treatment could increase the percentage of apoptotic breast cancer cells among miR-21-transfected cells compared with non-transfected cells. Furthermore, treatment of the miR-21-transfected cells with DNC nanoparticles resulted in significantly decreased cell viability and invasiveness compared with mock cells.
Conclusion
The results obtained in this study indicate that the oncogenic role of mir-21 is a main agent in the resistance of breast carcinoma cells to DNC. Since miR-21 suppress many aspects of anti-cancer effects of DNC including cell proliferation, cell cycle and metastasis inhibition and apoptotic activation in breast cancer cells, it seems that co-treatment with DNC and mir-21 down-regulation may provide a clinically useful tool for drug-resistance breast cancer cells. space limitations. This work was supported from Tarbiat Modares University, Tehran, Iran.
